Previous studies have shown that cancer survivors frequently experience short-term cognitive defi cits, but it is unknown how long these defi cits last or whether they worsen over time. Using a co-twin control design, the cognitive function of 702 cancer survivors aged 65 years and older was compared with that of their cancer-free twins. Dementia rates were also compared in 486 of the twin pairs discordant for cancer. Cancer survivors overall, as well as individuals who had survived cancer for 5 or more years before cognitive testing, were more likely than their co-twins to have cognitive dysfunction (odds ratio [OR] = 2.10, 95% confi dence interval [CI] = 1.36 to 3.24; P <.001; and OR = 2.71, 95% CI = 1.47 to 5.01; P <.001, respectively). Cancer survivors were also twice as likely to be diagnosed with dementia as their co-twins, but this odds ratio did not reach statistical signifi cance (OR = 2.0, 95% CI = 0.86 to 4.67; P = .10). These results suggest that cancer patients are at increased risk for longterm cognitive dysfunction compared with individuals who have never had cancer, even after controlling for the infl uence of genetic factors and rearing environment. [J Natl Cancer Inst 2005;97:854 -6]
Progress in the treatment of cancer has led to extended survival for many patients, making the understanding of long-term and late effects essential. Research has documented that patients exhibit cognitive defi cits persisting up to 5 years post-treatment ( 1 -12 ) . Most studies have focused on short-term cognitive sequelae of treatments ( 1 -14 ) ; how ever, evidence of neurologic changes in cancer survivors ( 15 ) suggests that some treatments may act as neurologic insults that decrease cognitive reserve or initiate pathologic processes of dementia ( 16 ) . Subtle cognitive defi cits have been identifi ed in long-term survivors treated with chemotherapy, relative to those treated locally, suggesting that treatment-related defi cits may indeed persist ( 17 ) . It is possible that these cognitive defi cits worsen and become most apparent in older age, when risk for cognitive dysfunction is increased.
The present study, approved by the University of Southern California and Karolinska Institutet internal review boards, investigated whether older cancer survivors exhibited long-term cognitive defi cits and increased risk for dementia compared with co-twins without a cancer history. The twin design allowed the effects of cancer and its treatments to be considered while controlling for genetic and early environmental infl uences. Such control is important because estimates of heritability of cognitive functioning in older adults range from 32% to 79% ( 18 -20 ) , and dementia heritability is estimated at 43% to 60% ( 21 , 22 ) .
Participants were twin pairs from the Swedish Twin Registry, a populationbased registry of all twins residing in Sweden, who completed a telephone cognitive screening at age 65 years and older ( 23 ) . The validated cognitive screening assessed orientation, short-term memory, working memory, general knowledge, verbal recall, and verbal abstract reasoning ( 24 , 25 ) . If a twin performed poorly or was unable to be interviewed, an informant completed the Blessed Dementia Rating scale ( 26 ) . Using cognitive screening scores and informant reports, an algorithm was used to assign cognitive functioning scores: 0 = cognitively intact, 1 = minor errors, 2 = poor performance, and 3 = cognitive dysfunction suffi cient to interfere with managing everyday life demands.
Linkage between the Swedish Twin Registry and the Swedish Cancer Registry yielded 702 twin pairs in which one twin had been diagnosed with malignant cancer, excluding brain cancer due to its direct effect on cognition. The average age of participants was 74.9 years ( standard deviation = 6.3 years). Analysis of variance showed no statistically signifi cant age differences between longterm ( ≥ 5 years post-diagnosis of most recent cancer at the time of the cognitive screening), short-term (1 -5 years postdiagnosis), and immediate (<1 year postdiagnosis) cancer survivors at the time of cognitive screening ( P = .98). The mean time between cancer diagnosis and cognitive screening was 14.06 years for long-term survivors, 2.98 years for shortterm survivors, and 0.53 years for immediate survivors. Table 1 shows time from diagnosis by cancer site.
Individuals obtaining a cognitive score of 3 upon screening, and their cotwins, received complete dementia workups. A neurologist and psychologist diagnosed dementia using Diagnostic and Statistical Manual-IV criteria ( 27 ) and classifi ed non-demented individuals as intact or having questionable dementia. After ascertaining that cancer was diagnosed before dementia onset and excluding pairs containing individuals with questionable dementia, a total of 486 twin pairs discordant for cancer were available for the dementia analysis.
The prevalence of cognitive dysfunction by age of twins with and without cancer diagnoses is shown ( Fig. 1 ) . Overall, 14.5% of cancer-surviving twins had cognitive dysfunction (i.e., scoring 3), compared with 8.7% of their cancer-free twins. Two-sided McNemar's chi-square analyses and odds ratios (ORs) were used to determine whether cancer was a statistically signifi cant risk factor for cognitive diffi culties and dementia. Cancer history was statistically signifi cantly associated with cognitive dysfunction overall and in long-term cancer survivors compared with their cancer-free co-twins (OR = 2.10, 95% confi dence interval [CI] = 1.36 to 3.24; P <.001; and OR = 2.71, * 0 = cognitively intact, 1 = minor errors, 2 = poor performance, 3 = cognitive dysfunction. OR = odds ratio; CI = confi dence interval; P values (two-sided) were calculated using McNemar's chi-square analysis.
† Long-term cancer survivors are ≥ 5 years post-diagnosis of most recent cancer at the time of the cognitive screening; short-term survivors are 1 -5 years post-diagnosis; immediate survivors are < 1 year post-diagnosis. 95% CI = 1.47 to 5.01; P <.001, respectively, Table 2 ). A statistically signifi cant difference between long-term cancer survivors and their co-twins was maintained when individuals with poor performance were grouped with those found to have more serious dysfunction (OR = 1.95, 95% CI = 1.33 to 2.85; P <.001). Short-term survivors did not have increased risk, however. These fi ndings are consistent with the conceptualization that cancer or its treatments decrease cognitive reserve, making survivors more susceptible over time to reaching the threshold for measurable cognitive defi cits.
Cancer was not statistically significantly associated with dementia diagnosis (OR = 2.0, 95% CI = 0.86 to 4.67). Nevertheless, the point estimate suggests that the risk was twofold, which may represent a clinically meaningful difference. Power analysis using Dupont's method ( 28 ) indicated that the power to reject the null hypothesis was only .05.
Two limitations of this study should be noted. First, we did not have access to information on cancer treatments, preventing comparison of cognitive functioning among cancer survivors who received different treatments. Thus, the cognitive risk reported here may represent an overestimate for some cancer survivors and an underestimate for others. Second, because both cancer and cognitive decline could be infl uenced by many of the same factors, it is possible that other risk factors -such as alcohol consumption, sedentary lifestyle, or low socioeconomic status -infl uenced the development of both cancer and cognitive dysfunction. Twins do tend to be more similar than do unrelated individuals on many of these background factors, however ( 29 ) .
This study has several strengths. We studied a large population-based cohort, including patients whose cancers had been diagnosed many years before cognitive assessment, unlike most studies that were smaller and assessed patients only up to 5 years post-treatment. Because an entire cohort of twins was contacted for participation in the cognitive screening, this study avoids many of the selection biases inherent in studies of hospital patients. Our outcome measures included a complete clinical dementia work-up. Furthermore, the twin design provided a control group that matched for at least 50% of genetic factors and for early environmental infl uences associated with growing up in the same family.
The nearly exclusive focus of prior studies on short-term cognitive function has left cancer patients and their medical teams uncertain whether cognitive defi cits would persist or eventually abate. Our data suggest that cancer and its treatments may lower survivors' cognitive reserve and thus increase their long-term risk of cognitive dysfunction and dementia, a serious clinical concern for physicians treating cancer survivors. Further research should identify mechanisms that mediate the relationship be tween cancer and cognitive dysfunction and explore whether specifi c treatments are associated with long-term cognitive effects. This knowledge will help health care providers and patients make informed decisions about treatments.
